Similarly to Ideal Solution (TOPSIS) is one of the most commonly used approaches in solving numerous mu ltip le criteria decision making problems. It has been widely used in ranking of mu lt iple alternatives with respect to mu ltiple criteria with the superiority of fu zzy set type-1 and subjective weights. Recently, fu zzy TOPSIS has been merged with interval type-2 fu zzy sets and subjective weights for criteria as to handle the wide arrays of vagueness and uncertainty. However, the role of ob jective weights in this new interval type-2 fuzzy TOPSIS has given considerably less attention. This paper aims to propose a new objective weight for sub-criteria in interval type-2 fu zzy TOPSIS. Instead of using weight for criteria, this paper considers entropy weights for sub-criteria in interval type-2 fu zzy TOPSIS method. An example of supplier select ion is used to illustrate the proposed method.
I. Introduction

One of the well known methods in multi criteria decision making (M CDM) is Technique for Order Preference by Similarly to Ideal So lution (TOPSIS).
The technique was developed by Hwang and Yoon [1] . The basic concept of this method is the selected alternative should have the shortest distance fro m the positive-ideal solution and the farthest distance from the negative-ideal solution. There have been many research used this method in solving nu merous decision making problems [2] , [3] , [4] , [1] . However, the original fuzzy TOPSIS is not always suitable to represent uncertainties due to the usage of type-1 fuzzy set (T1FS). Therefore, type-2 fu zzy set (T2FS) was proposed by Zadeh [6] to handle uncertainty. This breakthrough came about ten years after he proposed T1FS [7] . Unfortunately, T2FS is h ighly co mp licated computations, thereby difficult to use in real life applications. Thus, Liang and Mendel [8] developed with the new concepts of T2FS that make co mputations more manageable. In the new concepts, there are upper membership function and lower membership function that represented by T1FS membership function. The area between these two functions is footprint of uncertainty (FOU), wh ich is used to characterize T2FS. Although T2FS have been widely applied in many areas, most researchers used interval T2FS (IT2FS) in practical fields because of the computational complexity involved in using T2FS [9] . Zhang [9] introduced interval type-2 rough fu zzy set as a combination of IT 2FS and rough set theory. He also manage to get the relat ionship between IT2FS and interval type 2 fuzzy topology operators. Chen and Lee [10] have developed fuzzy TOPSIS based on IT2FS to choose the best candidate from a set of alternatives. They extended the TOPSIS method fro m Hwang and Yoon [1] using IT2FS instead of T1FS.
One of the important steps in fuzzy TOPSIS is defining weights. In fuzzy TOPSIS, weights can be divided into two types which are subjective weight and objective weight. Subjective weight can be obtained based on informat ion of the attributes from the decision makers through questionnaires, interviews or trade-off interrogation directly [11] . Th is subjective weight can reflect the strength of decision makers' judgment. On the other hand, objective weight can be obtained fro m the objective informat ion such as decision matrix through mathematics models [1] . Wang and Lee [12] proposed these both weights into fuzzy TOPSIS. In their paper, the subjective weights that given by decision makers need to be normalized into comparable scale and adopted end-user rating as the objective weight based on Shannon's entropy theory. Zamri and Abdullah [13] TOPSIS has become a favorable technique in solving MCDM problems because the concept is reasonable, easy to understand and it needs less computational effort. W ith these low computational risks , we propose some modificat ions on the interval type-2 fu zzy TOPSIS. In this paper, four level h ierarchy problems are proposed instead of three level hierarchy problems. The first modification is made to obtain more details about goal, criteria, sub-criteria and alternatives. Many researchers have given little attentions on the four level hierarchies as they argued that the criteria and subcriteria are already included in decision factors. However, Shahanagi and Yazdian [14] insisted that these criteria and sub-criteria are indeed meaningful and the most important measures in MCDM. The criteria and sub-criteria have been indicated in many application papers such as in vendor selection [15] , and supplier selection [16] , [17] . Moreover, the existing method that used subjective weight has a weakness . The fuzziness and the vagueness of human judgment and preference make it difficult to be applied in practice [18] . Therefo re, this paper proposes second modification by introducing objective weight in interval type-2 fuzzy TOPSIS. Specifically entropy weight is proposed to use as the method of finding weight for sub-criteria in interval type-2 fu zzy TOPSIS. The idea of entropy method that used by Cui [18] is employed in this proposed method.
The entropy method is basically used in rat ing the criteria but in this paper we apply the method in rating the sub-criteria. Besides, there have been cases where value of entropy is in crisp [19] , [20] . As to overcome the limitat ion that crisp value unable to handle fuzziness and vagueness, we propose an equation that gives result in linguistic value. Th is paper aims to overcome the issues of sub-criteria and objective weight in interval type-2 fu zzy TOPSIS. Specifically, the objective of this paper is to propose a new entropy weight for sub-criteria in interval type-2 fu zzy TOPSIS. A case of supplier selection is chosen to illustrate of the proposed method. Decision making in supplier selection is important as inappropriate decision of supplier will affect the entire supply chain of the firm [21] .
The rest of this paper is organized as follows. Sect ion II briefly reviews the concept of IT2FS and entropy method. Section III presents the proposed new entropy in interval type-2 fuzzy TOPSIS. An examp le of the implementation of the proposed method for a case of supplier selection is described in Section IV. Finally, this paper is concluded in Section V.
II. Basic definitions and notation
Entropy weight.
The entropy is used to calculate the weight of subcriteria. Below are some reviews of the entropy:
i. Shannon and Weaver [22] employed the entropy to estimate uncertainty of object based on information theory using probability function. It can be represented by
where, H is the level of entropy. It represents the probability of j p occurrence of event.
ii. The greater the value of the entropy, the smaller the entropy weight, then the smaller the different alternatives in this specific attribute, and the less informat ion the specific attribute provides, and the less important this attribute becomes in decision making process. The entropy value can be calculated using the formula, 
where k is the normalized constant which equals to q ln 1 .
iv. Szmidt and Kacprzy k [24] developed entropy method for intuitionistic fu zzy set (ITS). 
where, x J denotes an interval in   1 , 0 . Besides, the type-2 fuzzy set Ã also can be represented as follows:
where, x J and  denotes the union over all admissible x and u .
Definition : An IT2FS X is characterized by its
where, x called the primary variable, has domain
is also called the support of the secondary MF, and the amplitude of
, called a secondary grade of X , equals 1 for
Trapezoidal membership function [26]
Definition : [26] The upper membership function and the lower membership function of an interval type-2 fuzzy set are type-1 membership functions, respectively. 
is an interval type-2 fuzzy set,
and s denotes the number of sub-criteria and k denotes the number of decision makers.
Step 2: Calculate jl ũ the weight of the decision maker, k with respect to the sub-criteria.
As mentioned before, we apply entropy method to avert subjectivity of human preference. This method is developed by Cui [18] . Step 4: Construct the weighted decision matrix w Y :
Since we used four level of hierarchy, there will be mu ltip licat ion operation on the three fuzzy numbers which are weight of criteria, Step 5: Calcu late the ran king values Rank (v ij ) of the interval type-2 fuzzy set (v ij ), using the equation 
Step 6: Determine the positive ideal solution x + and negative ideal solution x -where:
Step 7: Calculate the distance between each alternative for the positive and negative ideal solution as shown as follows, where
Step 8: Calcu late the relat ive degree of closeness between each alternative A i and the positive ideal solution x + and negative ideal solution x -we denote it by C(A i ). Step 9: Sort the values of C(A i ) in descending sequence. The larger value of C(A i ), the higher preference of the alternatives A i .
IV. Numerical Example
In this study, the numerical examp le fro m Shahanagi & Yazd ian [14] is retrieved to illustrate the proposed method. Assume that a co mpany intends to make decision on supplier selection. Three criteria, subcriteria and alternatives are identified. The h ierarchical structure of the decision problem is shown in Figure II . These linguistic variab les that retrieved fro m [14] are trapezoidal fu zzy nu mber. In this nu merical examp le, the linguistic variables are presented as interval type-2 fuzzy set.
The three decision makers use the linguistic terms defined in Table I . Implementation of the proposed method is presented in the step-wise as follows.
Step A and 4 A are constructed respectively given in Table II, Table III and Table IV: T able 2: Evaluating values of alternatives of the decision maker 1 with respect to different attributes
Evaluating values of alternatives of the decision maker 2 with respect to different attributes
T able 4: Evaluating values of alternatives of the decision maker 3 with respect to different attributes
Criteria
C1 C2 C3
Sub-criteria S11 S12 S21 S22 S31 S32
Based on (9), the average decision matrix is constructed as follows: Step 7: Based on (18) and (19), we can get the distance between each alternative and ideal solution.
Step 8 : Using (20), we can get the relative degree of closeness of each alternative with the ideal solution. The results of distance and degree of closeness are presented in Table V T able 5: Final evaluation of alternatives Step 9 : Since         
V. Conclusions
This paper has presented a new approach of interval type-2 fuzzy TOPSIS by appending entropy weight for sub-criteria. A simp le mod ification of entropy weight has been made as to accustom with interval type-2 fuzzy sets. A numerical examp le has been given to demonstrate the proposed method. The results show the effect of the mod ification to the ranking order in supplier selection problem. Validation of the method could be further strengthened with various decision making applications.
